In December 2019, the outbreak of the new coronavirus infections (COVID-19) caused by in Wuhan in the Hubei province of China has quickly become a global health emergency \[[@bib1]\]. The virus is highly infectious and pathogenic, On 11 March 2020, the World Health Organization (WHO) classified the outbreak as a pandemic. By Mar 31, 2020, 718685cases of COVID-19 have been reported from 189 countries with 14,510 deaths, This corresponds to a 4.7% case fatality rate. At present, there is no vaccine or specific antiviral therapies for human and animal coronavirus (COV) \[[@bib2]\].

The current management of COVID-19 is mainly supportive, some anti-coronavirus drugs are possibly effective of human pathogen coronavirus. Several drugs therapeutic interventions for coronavirus were investigated during the Middle East Respiratory Syndrome (MERS), caused by a novel coronavirus (MERS-CoV). Reviews of the available literature suggest that interferon alpha and beta might be of benefit in patients with severe MERS-CoV infection \[[@bib3],[@bib4]\]. Interferon (IFN) is an immune active protein with broad-spectrum antiviral effect in vivo, IFN-α is a broad spectrum antiviral drug, different preparations of recombinant rIFNs (rIFN-α2a, rIFN-α2b, rIFN-β1a, and rIFN-β1b) were active against MERS-CoV in vitro \[[@bib5]\]. Interferon-α treatment strongly inhibite severe in vitro cytopathology induced by MERS-coronavirus replication. Furthermore, MERS-CoV was found to be 50--100 times more sensitive to alpha interferon (IFN-α) treatment than SARS-CoV in vitro. These findings highlight relevant differences between these distantly related CoVs in terms of their interaction with and evasion of the cellular innate immune response \[[@bib6]\]. Arbidol was used to treat for influenza infection \[[@bib7]\]. Arbidol play an antiviral role not only directly inhibiting virus but also inducing interferon and immune cells producing \[[@bib8]\], After taking arbidol, there was a significant increase of serum immunoglobulin levels of CD4+ and CD8+ lymphocytes in patients with hypoimmunity \[[@bib9]\]. It was reported that Arbidol was effective of COVID-19 at a concentration range of 10--30 μM in vitro.

According to the guidelines, IFN-α combine Arbidol or other antiviral drugs less than 10 days are recommended as anti COVID-19 therapy \[[@bib10]\], However, clinical data and study on Arbidol/IFN-α in COVID-19 haven't been reported, the efficacy and toxic effects of these drugs for COVID-19 remains uncertain, and that combining IFN-α with Arbidol to create a new drug classes that would sufficiently increase efficacy need to be further confirmed by clinical experiments.

This study aimed to evaluate the effects of Arbidol when combined with IFN-α in reducing hospitalization days and shortening time of virus RNA clearance. Treatment outcomes would be useful in providing more evidence for the clinical management of patients with COVID-19.

1. Materials and methods {#sec1}
========================

1.1. Patients {#sec1.1}
-------------

Initially, 221 hospitalized patients laboratory-confirmed COVID-19 infection pneumonia from 3 hospitals in Hubei and Shenzhen diagnosed between January 2019 and Mar 2020 were screened. After excluding ineligible patients, A total of 141 patients were included in this retrospective multicentre cohort study. All patients was diagnosed COVID-19 infection by Fluorescence PCR (polymerase chain reaction) testing of respiratory tract specimens for 2019-nCoV ORF 1 ab and N genes. The study inclusion criteria were: (1) adult (aged ≥18 years) (2) without ventilation (3) laboratory-confirmed COVID-19 with PCR detection of the virus in samples taken from the respiratory tract of the patient (4) chest CT scan showed the characteristics of viral pneumonia, which was defined as new, otherwise unexplained, in addition to new or progressive pulmonary infiltrates on lung. The exclusion criteria were: (1) current pregnancy (2) patients who were enrolled a clinical trials treated antiviral therapy for COVID-19 besides IFN-α2b or Arbidol (3) Invasive ventilation for the aggravation of the disease, or death. (4) can't tolerate drug adverse effects. The study was approved by the Ethics Committee of Jianli People Hospital, Jianli Traditional Chinese medicine Hospital and Peking University Shenzhen.

1.2. Data collection {#sec1.2}
--------------------

Epidemiological, clinical, laboratory, imaging data, management, and clinical outcomes data were collected through a review of medical records. According to distribution of the affected lung parenchyma, the severity of total lung lobes was evaluated and classified score according to CT scan \[[@bib12]\]:0 as normal, 1 as \< 25% abnormality, 2 as 25--50% abnormality, 3 as 50--75% abnormality, and 4 as \> 75% abnormality.

1.3. Procedures {#sec1.3}
---------------

Treatment protocols was Arbidol/IFN-α2b combination, IFN-α2b alone. Monotherapy group patients inhaled IFN-α2b (twice per day, inhale, 5 × 10 (5) IU, for 10--14days). Combined group patients oral take Arbidol (200 mg, oral, third times per day, for 7--10 days) and IFN-α2b, dosed as above. All patients received appropriate supportive care such as supplementary oxygen, control of blood pressure, blood sugar and other conventional treatment and regular clinical and laboratory monitoring as needed. IFN- α2b (Changchun Biopharmaceutical, Changchun, Jilin, China); Arbidol (Shijiazhuang Pharmaceutical Company, Shijiazhuang, Hebei, China).

For patients, respiratory samples were collected for 2019-nCoV PCR detection approximately 1--3 times per week and chest CT taken per 5--10 day at the discretion of the treating teams for assessing and infection control purposes. All confirmed cases were admitted in isolation rooms and were followed until in-hospital death or need invasive ventilation or hospital discharge.

The exposure variable was the treatment regimen of Arbidol plus IFN-α2b. The outcome variable was duration of hospital stay, duration of COVID-19 RNA and CT absorption time. The covariates were age, sex, vital signs on admission, pre-existing comorbid conditions on admission (diabetes, hypertension, hepatitis B, and chronic heart disease), Laboratory examinations (blood oxygen saturation, leukocyte and lymphocyte values and liver function etc.). The primary composite end point was the time from symptom onset to discharged. Discharge standard was defined as survival with guidelines \[[@bib10]\]. Temperature returned to normal for more than 3 days; 2. Respiratory symptoms improved significantly; 3. Pulmonary imaging showed that acute exudative lesions improved significantly; 4. Nucleic acid test of respiratory samples was negative for two consecutive times (sampling time at least 1 day interval). Other secondary outcomes was virus RNA clearance, was defined as the time from admission until the test was negative on 2 occasions, without a positive test afterward. To assess safety profile, white blood cell (WBC) count, platelet count, aspartate aminotransferase (AST), alanine aminotransferase (ALT), bilirubin and creatinine.

1.4. Statistical analysis {#sec1.4}
-------------------------

Descriptive statistics were used for demographics. Categorical variables were expressed as n (%), Mean (Range) were used for normally-distributed data, and Median (IQR) were used for abnormally distributed data, using χ2 test or Fisher exact test for categorical variables and Student t test or Mann--Whitney U test for continuous variables. We used Cox proportional-hazards regression to analyze time-to-event end points. Two-sided P values of 0.05 were considered statistically significant. Data were analysed using IBM SPSS Statistics, version 25.0 (IBM Corp., USA).

2. Results {#sec2}
==========

Between January 2019 and Mar 2020, a total of 221 hospitalized patients, with laboratory-confirmed COVID-19 infection pneumonia without invasive ventilation were screened. All patients treated with Arbidol/IFN-α2b or IFN-α2b. We excluded the ones that did not meet the eligibility criteria. 74 cases among them were treated with other antiviral drugs, such as ribavirin, zanamivir, chloroquine, lopinavir/ritonavir, 3 cases of them developed ARDS. 1 patient was less than 18 years old, 5 patients, who taked Arbidol/IFN-α2b for 2--4 days, failed to complete the drug treatment course (3 patients needed invasive mechanical ventilation and 2 patients died for pneumonia progress), so 5 patients were excluded, 141patients were included in the multicenter cohort study. As shown in [Fig. 1](#fig1){ref-type="fig"} . After excluding ineligible patients, 141 patients with COVID-19included in the remaining cohort. 2.1In total, 74 men (52.4%) and 67 (47.6%) women with a median age of 51.9 (24.0--83.0) were analyzed, of whom 70 (49.6%) received IFN-α2b therapy, 71 (50.4%) received Arbidol/IFN-α2b therapy. Patients in the 2 groups were similar in age, sex, comorbidities, blood oxygen saturation, leukocyte and lymphocyte values and lung severity score ([Table 1](#tbl1){ref-type="table"}). The most common symptoms were fever (96/141, 68.6%), followed by dry cough (76/141, 53.9%), Shortness of breath (16/141, 11.3%), fatigue (16/141,11.3%), Other symptoms were Diarrhea (5/141, 3.5x%) and abdominal distension (15/141, 10.6%). 78 patients (36/70, 52.% in IFN-α2b group, 42/71, 59.2%in combined group) needed nasal catheter for oxygen, 2 patients required non-invasive ventilator.2.2On admission, laboratory findings revealed most patients have normal liver function, creatinine, white blood cells and lymphocytes, that 30% of the patients leucocytes counts were below the normal range and 36.4% of the patients experienced lymphocytopenia ([Table 1](#tbl1){ref-type="table"}). Chest imaging showed ground-glass opacity, multiple patchs-like shadows and consolidation in the lungs. There was no significant difference in the degree of lung injury between two groups (P = 0.124).2.3In this study, there were no significant differences between hospitalization and RNA clearance days with respect to age, sex, symptoms After treatment for 7--14 days, there was no statistically differences of the viral RNA clearance days between two group ([Fig. 2](#fig2){ref-type="fig"}A), The duration of viral RNA detected from oropharyngeal/nasopharynxswabs/sputum samples in the monotherapy group was not longer than that in the combined therapy group (27.4 days vs.23.8days, respectively; P = 0.057). Furthermore, we found there are great individual differences in the persistence and clearance of viral RNA. the duration of RNA positive from the onset of symptoms to 2 occasions negative RT-PCR results was 8--53 days in monotherapy group, 11--53 days in combined group respectly ([Table 1](#tbl1){ref-type="table"}). Fig. 1Flow chart of patients screening and selection process.Fig. 1

The median hospitalization days was 27.1 vs. 24.2 days in two group (P = 0.056). There was no significant differences between two groups ([Fig. 2](#fig2){ref-type="fig"} A). Among 141 patients, 39 patients had a long hospitalization days more than 30 days (20/70 in monotherapy group, 19/71 in combined group, for most patients (36/39), the time of CT and symptom improvement was significantly shorter than that of nucleic acid conversion negative. CT absorption time was16.7 days vs.19.8 days, respectively; P = 0.037 ([Table 1](#tbl1){ref-type="table"} ), the improvement rate of CT and symptoms was faster than that of nucleic acid clearance. The absorption of pneumonia in the combined group was faster than that in the monotherapy group. Only 3 patients in IFN-α2b group, the time of virus turning negative is shorter than that of clinical symptoms and CT improved. These symptoms were neurogenic bladder caused dysuria and exertional dyspnea.2.4There were no differences between the 2 groups in hemoglobin, WBC count, platelet count, ALT, AST, or creatinine during or after treatment. 13 patients (18.8%) treated with Arbidol demonstrated mild nausea, stomachache, but all patients could tolerate without giving up treatment. Fig. 2Nucleus acid negative conversion time ([Fig. 2](#fig2){ref-type="fig"}A) and time from onset to be discharge ([Fig. 2](#fig2){ref-type="fig"}B).Fig. 2Table 1Baseline characteristics and physiological parameters and laboratory features of patients with COVID-19 pneumonia who received Arbidol/IFN-α2b.Table 1CharacteristicsIFN-α2b (n = 70)Abidol/IFN-α2b (n = 71)*P*Age(y), mean (Range)53.2 (26--83)50.9 (24--75)0.543Sex (Male/Female), n (%)33(47.1)/37(52.9)41(57.7)/30(42.3)0.293Comorbidities Hypertension, n (%)8 (11.4)7 (9.9)0.740 Diabetes, n (%)7 (10.0)5 (7.0)0.113 Others[a](#tbl1fna){ref-type="table-fn"}, n (%)5 (7.1)1 (1.4)0.113Clinical symptoms Fever, n (%)40 (57.1)56 (81.2)0.003Cough, n (%)44 (62.9)32 (46.4)0.028Fatigue, n (%)9 (12.9)7 (10.1)0.998Shortness of breath, n (%)9 (12.9)7 (10.1)0.595 Abdominal distension8 (11.4)7 (9.9)0.740Diarrhea, n (%)1 (1.4)4 (5.8)0.366Laboratory examinations Decline in white blood cells, n (%)22 (31.4)20 (28.2)0.632 Decline in lymphocytes, n (%)29 (41.4)22 (31.0)0.175 Increase in aminotransferase, n (%)4 (5.7)11 (15.5)0.064 Increase in creatine kinase, n (%)1 (1.4)6 (8.5)0.116Lung: total severity score 1, \<25% abnormality, n (%)29 (41.4)27 (38.0)0.124 2, 25%--50% abnormality, n (%)40 (57.1)44 (62.0) 3, 50%--75% abnormality, n (%)1 (1.4)2 (2.8) 4, ≥75% abnormality, n (%)0 (0)0 (0)SpO2, median (IQR)97.3 (93--99)97.3 (94--99)0.539Time from onset to be discharge, median (IQR)27.1 (8--53)24.2 (11--53)0.056Nucleus acid negative conversion time, median (IQR)23.8 (10--52)27.4 (7--52)0.057CT absorption time, mean (Range)16.7 (7--33)19.8 (10--36)0.037[^2][^3]

3. Discussion {#sec3}
=============

Recently, the COVID-19 infections epidemic broke out all over the world. The virus is highly infectious. We observation that COVID-19 generally induced mild respiratory or intestinal infections (213/221,96.38%), but can also cause serious audlt respiratory distress syndrome (ARDS) even fatal outcomes (8/221, 3.62%) which is very similar to what reported in previous study \[[@bib12]\].

Antiviral drug therapy is an important treatment for COVID-19 infections, but until now there are no approved antiviral medication with proven efficacy for the treatment of COVID-19, nor are there any prospective randomized, controlled trials of potentially useful anti-adenovirus therapies. Apparent clinical success is limited to a few case reports and small series \[[@bib13]\].

Most of the drug options come from experience treating SARS, MERS or some other new influenza virus previously \[[@bib2],[@bib14]\], The combination of Arbidol and other antiviral drugs, such as interferon, is currently a recommended antivirus regimen in the Diagnosis and Treatment of Pneumonia Caused by 2019-nCoV (version 5) issued by National Health Commission of the People's Republic of China \[[@bib10]\]. While benefit of Arbidol was suggested by preclinical studies. Arbidol is a synthetic antiviral drug to combat seasonal infuenza virus \[[@bib15]\]. Arbidol has been shown to inhibit viruses from many different families \[[@bib16]\], Arbidol were shown to have antiviral effect in early viral replication in vitro for SARS-CoV \[[@bib17]\], Arbidol have been found to be effective for COVID-19 in vitro \[[@bib18]\], previous studies reported that a combination of Arbidol and LPV/r achieved further therapeutic effect than LPV/r only \[[@bib19]\].

Because Arbidol can induce interferon and immune cells, we hypothesized that Arbidol combined with interferon has synergistic therapeutic effect in against coronavirus. To test our hypothesis, we conducted this observational study. Our retrospective multicenter cohort study analysis 141 general type patients \[[@bib11]\] without invasive ventilation, treated with Arbidol/IFN-α2b, or IFN-α2b. Effective drug combination should be more effective than single drug in accelerating virus clearance and improving CT and clinical symptoms, and shortening hospitalization duration, we evaluated the RNA negative conversion time day, time from onset to be discharged, therapeutic response of Arbidol. But it is regreat the study demonstrates that Arbidol/IFN-α2b combination was not associated with decreased hospitalization day or accelerate COVID-19 RNA clearance, when compared with IFN-α2b monotherapy.

Discharge standard in China is not only the improvement of clinical symptoms and CT, but also RNA is negative in two consecutive tests. In our study, specimens taken from oropharyngeal/nasopharynxswabs/sputum for RT-PCR RNA test, the median time from the onset of symptoms to 2 occasions negative RT-PCR results was 23.8 (8--53) days in IFN-α2b group, 27.4 (11--53) days in combined group respectly, presenting notable individual differences in patients regardless age, sex, underly disease, It is suggested that it will take a long time for nucleic acids to be removed from the respiratory tract. During this period, patients who expel the virus may become a potential source of infection, the quantity and activity of virus are important infectious factors.

For most patients in our study, CT improvement more sooner than the nucleic acid clearance. The median CT improvement days of combination group less than that of monotherapy group (19.8 days of monotherapy group vs.16.7days of combined group, P = 0.037), The data suggested that Arbidol combined IFN-α2b versus IFN-α2b alone could have potential benefits on inhibiting COVID-19 lung inflammation of mild cases without invasive ventilation, but no benefits on RNA clearance, and we find Abidol and IFN-α2b therapy were well tolerated by the treatment group with no premature discontinuation secondary to adverse effects.

Our study is limited by its retrospective non-randomised control, there may be a potential selection bias. It should be noted that there were 5 patients received IFN-α2b alone treatment for 2--4 days were excluded because of the invasive ventilation or death due to deterioration. It was difficult to assess whether the aggravation is related to the difference of drug treatment. So we removed the five individuals to avoid potentially detrimental to clinical outcome, but it is difficult to completely avoid results biased.

In conclusion, Arbidol in combination with IFN-α2b was no effective in COVID-19 RNA clearance and hospitalization than IFN-α2b monotherapy in this cohort, but accelerate pneumonia absorption, but these results should be verified in a larger prospective randomized setting.
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